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INTRODUCTION
One major trend in the chemical modification of π-electron donors for developing new organic metals and superconductors has been focused on the extension of π-conjugation. In contrast to this trend, our design of donor molecules is based on the following requirements: (i) the reduction of the π-electron system, which will lead to an increase in the on-site Coulombic repulsion, and (ii) the extension of the σ-bond framework to form moderately loose donor packing motifs [1] . For example, we have found that a stable metallic CT salt can be obtained from the methylenedithio-substituted DHTTF (dihydro-TTF) donor (MDHT) in which the π-system is less extended than that of TTF donors [2] , and that TTF donors with the appended dioxane ring by cis fusion, viz., DOET, DOES and DOEO, produce metallic CT salts, although the cis-fused dioxane ring increases steric bulk on the parent TTF donor [3] . Subsequently, we have succeeded in finding two kinds of DODHT superconductors under pressures [(DODHT) 2 X (X = AsF 6 and PF 6 )] [4] . The DODHT donor is a derivative of DHTTF with the bulky cis-fused dioxane ring.
On the other hand, the partial reduction of the π-system of the bis-fused TTF molecule BDT-TTF, which was proposed by Schumaker [5] and synthesized by Misaki [6] , leads, for example, to BDH-TTP. Thus we accomplished its synthesis and found many metallic BDH-TTP salts [7] . Furthermore, a structural modification for increasing steric bulk on the periphery of BDH-TTP was made by replacement of the ethylene end groups with trimethylene groups, and the resulting BDA-TTP donor was found to give rise to ambient-pressure superconductors β-(BDA-TTP) 2 X (X = SbF 6 , AsF 6 and PF 6 ) [8] . In this paper, we summarize our recent investigation of CT salts based on DODHT, BDH-TTP and BDA-TTP, which was undertaken to further develop new organic superconductors.
A NEW DODHT SUPERCONDUCTOR
In addition to the isostructural superconductors (DODHT) 2 X (X = AsF 6 and PF 6 ) [4] , the (DODHT) 2 BF 4 ·H 2 O hydrate was found to undergo a superconducting transition under a hydrostatic pressure [9] . Table 1 summarizes the onset temperatures of the superconducting transitions (T c 's) of the DODHT superconductors we discovered, together with their room-temperature conductivities (σ rt 's) Although the donor arrangement of (DODHT) 2 BF 4 ·H 2 O belongs to the βÝ-type category similar to those of (DODHT) 2 X (X = AsF 6 and PF 6 ), the crystal structure is by no means isostructural to those of the AsF 6 and PF 6 salts. It should be noted that all the three DODHT superconductors exhibit various aspects of the pressure-induced conducting behavior, including semiconducting, metallic and superconducting phases. Therefore, it is an important subject of continued interest to reveal how structure change is brought about by applied pressures.
A NEW METALLIC BDH-TTP SALT
We have already reported that the BDH-TTP donor with the paramagnetic FeCl 4 -anion forms the metallic κ-(BDH-TTP) 2 FeCl 4 salt down to 1.5 K, but which does not exhibit magnetic ordering [10] . We then attempted to prepare the FeBr 4 salt of BDH-TTP by the controlled-current electrocrystallization method [11] in 5% EtOH/TCE (1,1,2-trichloroethane). However, the resulting salt was (BDH-TTP)Br 0.88 , the structure and stoichiometry of which was determined by X-ray analysis. Probably, decomposition of Et 4 NFeBr 4 used as a supporting electrolyte occurred during the electrocrystallization causing the generation of Br -anions. The crystal structure of (BDH-TTP)Br 0.88 consists of alternating layers containing only BDA-TTP donor molecule and only Br -anion. As shown in Figure 1a , the donor molecules are stacked in the θ-type arrangement. The dihedral angle between the planes formed by donor molecules on adjacent stacks is 68.7Û 6HYHUDO VKRUW OHVV WKDQ WKH YDQ GHU :DDOV GLVWDQFH RI Å) S···S contacts are observed between stacks, and there is also one short S···S contact within a stack. This S···S contact pattern reflects the intermolecular overlap integrals calculated on the basis of the extended Hückel method [12] , suggesting a two-dimensional (2D) electronic structure. The (BDH-TTP)Br 0.88 salt, with σ rt = 98 S cm -1 , exhibited metallic behavior below room temperature, a resistive minimum near 150 K and a gradual increase in the resistance (Figure 1b) .
Meanwhile, the desired (BDH-TTP) 2 FeBr 4 was obtainable by changing the solvent used for electrocrystallization from 5% EtOH/TCE to 10% acetone/PhCl. The crystal structure and physical properties of this salt will be reported in the near future. 
BDA-TTP CONDUCTORS AND SUPERCONDUCTORS
A notable feature of the superconductor β-(BDA-TTP) 2 SbF 6 is its largest value of the effective cyclotron mass (m c * = 12.4 ± 1.1 m e ) yet found in an organic superconductor [13] . This feature prompted us to undertake the pursuit of other BDA-TTP superconductors. We describe here the crystal structures and physical properties of various BDA-TTP salts.
(BDA-TTP) 2 X (X = BF 4 , BF 4 ·H 2 O, ClO 4 ·H 2 O and ClO 4 )
We found that the (BDA-TTP) 2 BF 4 salt, obtained by controlled-current electrocrystallization in TCE, is accompanied by the (BDA-TTP) 2 BF 4 ·H 2 O hydrate. The structures of these salts were determined by X-ray analyses. Our reexamination of the conductivity measurement for (BDA-TTP) 2 BF 4 indicated that this salt is a semiconductor, as reported previously [8] , but its σ rt and activation energy (E a ) are higher and smaller, respectively, than those reported previously (Table 2 ). On the other hand, (BDA-TTP) 2 BF 4 ·H 2 O exhibited weak metallic behavior around room temperature. We also reported on the conducting behavior of the ClO 4 salt of BDA-TTP [8] . By X-ray analysis, the salt was found to be hydrated with composition (BDA-TTP) 2 ClO 4 ·H 2 O. The 2:1 ClO 4 salt containing no water molecule could be prepared by using the freshly recrystallized n-Bu 4 NClO 4 in electrocrystallization in TCE or PhCl. The resistivity of (BDA-TTP) 2 ClO 4 showed semiconductive temperature dependence. semiconductive (E a = 45 meV)
The BDA-TTP molecules in all these salts adopt a β-type arrangement, similarly to those in the superconductors β-(BDA-TTP) 2 X (X = SbF 6 , AsF 6 and PF 6 ). Therefore, it appears that the BDA-TTP donor tends to form β-type salts. Considering the donor arrangement as well as a range of conducting behavior shown in Table 2 , these four salts may exhibit an interesting conducting behavior under applied pressures. Work currently in progress is, therefore, addressing this question. 
New superconducting BDA-TTP salts
As communicated by us earlier [14] , although β-(BDA-TTP) 2 GaCl 4 undergoes a sharp metal-toinsulator (MI) transition at ambient pressure, the temperature of this MI transition decreases by applied pressures and, subsequently, a superconducting transition appears with T c = 3.1 K at 7.6 kbar. A similar pressure-induced suppression of an MI transition followed by the occurrence of a superconducting state could be found in β-(BDA-TTP) 2 FeCl 4 , the physical properties of which at ambient pressure has already been reported by us [10] . A detailed result regarding the pressure and magnetic field dependent conducting behavior of β-(BDA-TTP) 2 FeCl 4 will be described in a separate paper of this proceedings.
Because the crystal structures of the FeCl 4 and GaCl 4 salts are isostructural with each other, no significant differences of both the S···S contact pattern and the values of the intermolecular overlap integrals were observed between their donor layers [14] . It is not surprising, therefore, that the band structures and Fermi surfaces of both salts are almost the same (Figures 2a,b) . These Fermi surfaces are similar to that of κ-(BEDT-TTF) 2 Cu(NCS) 2 [15] except for a slight deviation of the degeneracy on the X-V zone boundary, which probably arises from the presence of two crystallographically independent donor molecules and leads to an open part and a closed hole-like part. A point worth noting is that the largest overlap integrals in both salts (14.4 and 14.8 × 10 -3 for the FeCl 4 and GaCl 4 salts, respectively) are nearly equal to those in the superconducting β-(BDA-TTP) 2 X (X = SbF 6 , AsF 6 and PF 6 ) salts, suggesting that the BDA-TTP molecules in these salts are also packed loosely.
CONCLUSION
The discovery of superconductivity in a series of CT salts of DODHT and BDA-TTP demonstrates that the TCF (tetrachalcolenafulvalene)-containing donors are not essential to the achievement of organic superconductivity. In addition, as described above, the DODHT and BDA-TTP superconductors disclosed some features that can not be found in the conventional TCF-based superconductors. Further production of such organic superconductors is considered to be of importance in the development of the field of molecular conductors. Therefore, we are actively investigating the preparation of other DODHT, BDH-TTP and BDA-TTP salts and the synthesis of new π-electron donors following our line of the molecular design, in the hope of obtaining CT materials with more interesting and exciting solid-state properties, including higher T c organic superconductors.
